Purpose: Ameloblastoma is a non-encapsulated and slow-growing tumor with high recurrence rate. Orbital involvement by this neoplasm is an extremely rare entity. In this study, we present a systematic review on this situation along with clinical and paraclinical features of a case. Methods: An electronic search was conducted on major medical sources. Data of the cases in the literature in addition to our own case were extracted, summarized, and statistically analyzed. Results: A total of 36 other cases from 20 relevant studies were also reviewed. Review topics included epidemiology, clinical presentation, pathologic features, differential diagnosis, imaging, treatment, and prognosis. We provided a five-year history of a 50-year-old man with orbital/ skull base invasion of plexiform maxillary ameloblastoma. Conclusions: Maxillary ameloblastoma is a locally aggressive neoplasm, and physicians must be alert to the biologic behavior of this tumor to detect any invasion to critical structures such as orbit and cranium. Orbital ameloblastoma causes significant morbidity and mortality. We advocate meticulous patient follow-up with regular clinical examinations and paraclinical work-up for timely detection of any invasion or recurrence. The best must be done to avoid extensions by aggressive removal of maxillary ameloblastoma.
Introduction
Ameloblastoma is a non-encapsulated, slow-growing tumor with high recurrence rate.
1e3 This neoplasm was first described in 1879 by Folkson, and the term 'Ameloblastoma' was first used by Churchil in 1933. 4 In the literature, there are some other terms used interchangeably with ameloblastoma such as 'cystosarcoma', 'adamantine epithelioma' and 'adamantinoma'. 5 The origin of tumor is known to be remnants of odontogenic epithelium, lining of odontogenic cysts, and overlying mucosa. 1e3 The tumor arises from the mandible in approximately 80% of cases, mostly in association with an unerupted tooth. In addition, it may arise from the tuberosity of maxillary sinus in approximately 20% of cases.
6e8 Demographically, the reported age range of cases varies from 20 to 50 years with no sexual preponderance. Ameloblastoma rarely invades the orbit; if it does, it involves the orbit in the elderly with male predilection. 9 Ameloblastoma is reported to be the most prevalent odontogenic tumor in our country, Iran. 10 However, to the best of our knowledge, there is no report of its invasion to the orbit either by the authors from Iran or other parts of the Middle East. The purpose of the study was to present the clinical and paraclinical features of a patient suffering from orbital ameloblastoma and an outline on previous reported cases. For the first time, we provide a systematic review on epidemiology, clinical aspects, pathology, prognosis, and current treatment modalities of this situation.
Methods
For the literature review process, a thorough electronic search was performed on the PubMed, Medline, Scopus, EMBASE, and web of science databases using the following keywords and terms: 'ameloblastoma', 'odontogenic tumors', 'orbital', 'ocular', 'eye', 'vision', and 'ophthalmic'. A reference list of eligible articles was also reviewed for possible eligibility. No limitation on publication date, study type/ design, and language was applied.
Data of the cases in the literature in addition to our own case were further extracted and summarized based on the following items including age, sex, histopathology, initial location of the tumor, sites of extension, ophthalmologic sign and symptoms, management, recurrence, outcome, and disease duration. Furthermore, extracted data were descriptively analyzed in different histopathological categories for the following variables: age, age at diagnosis of ameloblastoma, origin, delay between diagnosis to invasion, location of extension, main ophthalmic presentation, delay between the last therapeutic modality and the date of recurrence and survival. Results were reported as mean ± standard deviation, maximum and minimum values, mode, median, and/or number (percent). Descriptive data analyses were conducted by IBM SPSS version 21.0 software (SPSS, Inc, Chicago, IL).
The study protocol and patient's ophthalmologic visits as well as orbital procedures were performed at Feiz Eye Hospital, located in Isfahan city, in the center of Iran. This university hospital serves as the referral center for at least four adjacent provinces. Our patient signed an informed consent for the publication of his disease data.
Results
Until now, thirty-seven (including our patient) cases with orbital invasion of ameloblastoma have been described in the literature. Previously, it has been proposed that ameloblastoma invades the orbit in 5the6th decade of life 11 ; in our literature review, the mean age of patients with orbital invasion of ameloblastoma was 52.79 ± 20.62 years, ranging from 7 to 81. Interestingly, the mean age of patients varied in different patterns; 51 ± 20.45 years in follicular; 59.5 ± 9.2 years in mixed; 62.8 ± 18.8 years in plexiform, and 63 ± 0.0 years in basal cell-like pattern. Furthermore, similar to other reports, 12, 13 we found male preponderance, and the male to female ratio was 2.8:1. In none of the reported patients ameloblastoma developed primarily in the orbit, and all of the cases were secondary due to invasion from either maxillary or mandibular sinuses. The mean delay from onset of disease to orbital invasion was 12.7 ± 13.7 years. The mean delay of invasion varied in different patterns: 17 ± 16.9 years in follicular and 12.33 ± 15.37 years in plexiform. Almost always, invasion occurs unilaterally; however, two cases with bilateral invasion of tumor have been described. 12, 14 The most common pattern of neoplasm was follicular followed by plexiform; however, the most prevalent tumor pattern in males and females were plexiform and follicular, respectively. According to patients' histories, the most common complaint at disease onset was decreased or loss of vision followed by proptosis. Most of the patients were managed surgically with or without chemotherapy or radiotherapy, and the mean age of survival was 13.47 ± 12.81 years.
In the literature, we found 20 1,11e29 studies describing 36 individuals with orbital invasion of ameloblastoma. The article publication dates ranged from 1934 to 2017. Table 1 shows age, sex, histopathology, initial location of tumor, sites of extension, ophthalmological signs and symptoms, management, recurrence and outcome of reported cases. Data of patients are further analyzed in Table 2 .
Case Report
A 50-year-old man was referred to the oculoplastics service at the Feiz Eye Hospital in January 2014 for the evaluation of progressive inferior lid swelling and diplopia in down gaze. He was visited by a dentist in March 2011 for the extraction of upper third molar tooth. Two weeks following the extraction, a blister in his lingual vestibule adjacent to the extraction site appeared. The dentist evacuated the blister fluid with a surgical blade. Two weeks later, the patient was referred to a maxillofacial surgeon for the recurrence of the blister and computed tomography (CT) in April 2011, showing a mass in the maxillary sinus. At that time, the tumor was resected so that pathologic assessment revealed the diagnosis of plexiform ameloblastoma. Six months later in November 2011, the tumor recurred as a brown bulging mass at the former site. The same maxillofacial surgeon resected the tumor under general anesthesia. In May 2012, the tumor recurred with bulging of the cheek and involvement of hard palate in the maxillary region.
Another maxillofacial surgeon performed total maxillectomy to handle the situation. The patient had no symptom of recurrence until his admission to our service. In our primary inspection in 2014, the swelling was immobile without tenderness or erythema. In the ophthalmologic examination of both eyes, the best corrected visual acuity was 20/20 with normal color vision perception. Red reflex was normal. Refraction results were plano in both eyes. Ocular motility was unremarkable except the mild limitation of the down-gaze of the right eye. Proptosis was not prominent. No relative afferent pupillary defect (RAPD) was detectable. In slit-lamp examination, neither conjunctival hyperemia nor chemosis was seen. Anterior and posterior chamber examinations were unremarkable. History of trauma was negative.
According to the past history of ameloblastoma, we suspected the recurrence of the malignancy. In the magnetic resonance imaging (MRI) and CT scan, an extraconal mass in the inferior and retrobulbar areas of the orbit was notable. Inferior wall of the orbit was absent due to previous total maxillectomy. In radiologic consultation, orbital fat was reported to be intact, but periosteum involvement was reported to be probable (Figs. 1 and 2 ). After all possible options were fully discussed, including the possible need for orbital exenteration, the patient rigorously refused exenteration and selected inferior orbitotomy. In the operating theatre, a large round solid-cystic mass with a pseudocapsule was found. Periosteum involvement could be identified; however, based on the patient's choice, orbital exenteration was avoided. The tumor was excised as much as possible with grossly free margins. The cyst content was aspirated and serosanguineous fluid (Fig. 3) . Pathologic assessment of mass wall re-confirmed the diagnosis of plexiform ameloblastoma (Fig. 4) . The operation was accomplished without any complication, and the postoperation period was uneventful.
Despite our strong recommendations, the patient refused to attend any of our planned radiologic reassessments and visits.
He did not consent to be evaluated or treated by any means, including radiotherapy due to exhaustion of multiple surgeries as he mentioned in our phone calls.
Finally, in February 2016, the patient returned with decreased vision of right eye. In the examination, the tumor grossly recurred and caused right eye proptosis and swelling of right cheek (Fig. 5) . Hyposensation of V2 branch was prominent. He seemed to be deeply depressed, suffering from depression mood disorder as reported in psychiatric consultation. In ocular examination, the right eye had a 5-mm proptosis with the best corrected vision decreased to 40/200. RAPD was 2 þ in the right eye. His refraction showed 2 diopters of hyperopic shift. In the posterior segment examination, swollen optic disc and remarkable choroidal folds were presented (Fig. 6) . The left eye examination was unremarkable. Due to imaging evidence supporting skull base involvement (Fig. 7) , we referred the patient for neurosurgical consultation. They planned tumor debulking. To date (September 9, 2016), however, patient has refused to do so.
Discussion

Epidemiology
Maxillary ameloblastoma is a rare tumor known to be slowgrowing and highly recurrent with a locally invasive nature. 2, 3 In the United States, ameloblastoma accounts for 1% of all tumors/cysts of jaw, 1% of all head and neck neoplasms, and 10% of all tumors arising from mandible or maxilla. 1, 30, 31 It accounts for 9e11% of all odontogenic tumors with an incidence rate of 0.5 cases per-million. 5 Ameloblastoma is the most common odontogenic tumor in Iran, similar to what is reported in China, Japan, and Africa, accounting for 62.2% of all such tumors. 10,32e34 Among all races, the Afro-Caribbean population is presumed to have the highest susceptibility. 30 Regarding the demographic features, odontogenic ameloblastoma is a tumor of all ages ranging from 2 to 93 years old (mean: 39 years). Most of the mandibular and maxillary ameloblastomas occur in the 3rde4th and 4the5th decades of life, respectively. This difference in age at onset may be explained by the delayed diagnosis of maxillary tumor due to the spongy structures allowing the tumor to enlarge subclinically. 1, 2, 5 In anecdotal postulations, ameloblastoma invades orbit more frequently in the 5the6th decades of life.
11 Comparatively, in the data we ascertained from the literature (Table 2) , the age of orbital invasion ranges from 7 to 81 years (mean: 52.79 ± 20.62 years). Among different patterns, the mean age varied from 51 ± 20.45 years to 63 ± 0.0 years. The mean delay from onset to orbital invasion was 12.7 ± 13.7 years varying among different pathologies: in follicular, 17 ± 16.9 years and in plexiform, 12.33 ± 15.37 years.
Although odontogenic ameloblastoma does not show gender predilection, most cases of maxillary ameloblastoma are male. 12 Previously, it was reported that male/female ratio of orbital invasion was 2.4:1. 13 Comparatively, in our literature review, the male/female ratio was 2.8:1.
Clinical presentation
In the literature, primary orbital ameloblastoma has never been reported; all cases were secondary to invasions from mandible or maxilla. The clinical picture of ameloblastoma depends on the origin of the tumor and also the structures involved. The most common manifestation of mandibular type is painless swelling of jaw, whereas, primary maxillary ameloblastoma presents with swelling of cheek, gingiva, hard palate, nasal obstruction, and epistaxis. 12, 35 The tumor inherently invades local adjacent structures such as paranasal sinuses, orbit, and cranial fossa. 12 Invading or compressing the neurovascular structures within orbit and cavernous sinus leads to various ophthalmologic manifestations such as loss or decrease of vision as the most common symptom (15/30; 50%) followed by proptosis (10/30; 33%) and globe displacement (6/36; 20%), extraocular movement limitation (5/30; 20%), diplopia (4/30; 13%), cavernous sinus syndrome (2/30; 7%), lower lid edema (2/30; 7%), and ptosis (1/30; 3%) ( Table 2 ). It should be noted that orbital manifestations were almost unilateral; however, there were two reports by Kyriazis et al. 14 and Brazis et al. 12 with bilateral orbital involvement. Although, it is generally known that ophthalmologic symptoms secondary to ameloblastoma are limited to tumors of maxillary origin, in our literature review, there are some reports of ophthalmic manifestations by mandibular ameloblastoma. 12, 24, 26 From all the cases, orbital ameloblastoma originated from maxilla in 32 cases (88.89%), among which two had concomitant invasion to mandible and also the skull base. Interestingly, in 4 cases (11.11%), the orbital ameloblastoma originated from mandible, where invasion to the intracranial structures was also reported.
It is presumed that ameloblastic carcinoma constitutes 2% of all ameloblastoma cases. 12 In a review article, it has been proposed that ameloblastic carcinoma ex-ameloblastoma is more prevalent (17%) among cases with orbital invasion. 5 In our review on all the reported cases, ameloblastic carcinoma developed in 4 patients (11.1%), three of whom were female. This can be explained by the notion that long-standing and recurrent ameloblastoma is more likely to involve the orbit and concurrently, may transform more to aggressive ameloblastic carcinoma. 12, 14, 26 Pathologic features Several histologic types of ameloblastoma are described in the literature including plexiform, follicular, basal cell, granular cell, clear cell, and acanthomatous. The plexiform and follicular types are the most common patterns. 2, 5 In the plexiform pattern, the connective tissue is surrounded by epithelial components while in the follicular pattern, the epithelium is surrounded by the connective tissue. 30 The basal cell-like pattern is apparently benign and tends to grow in an island-like pattern. The basaloid appearing cells tend to stain basophilic deeply. The cells in the central portion may be polyhedral to spindle shaped; stellate reticulum-like areas are notably absent. 36 It is reported that tumors with follicular and acanthomatous histology have the highest and lowest recurrence rates, respectively. 2 In our literature review, the most common pattern of orbital ameloblastoma was follicular (13/27; 48.1%), followed by plexiform (10/27; 37%), basal cell-like (2/27, 7.4%), and mixed (2/27; 7.4%). In males, the most common tumor pattern was plexiform (10/20; 50%), followed by follicular (7/20; 35%), mixed (2/20; 10%), and basal cell-like (1/20; 5%). In females, the most prevalent type was follicular (6/7; 85.7%) followed by basal cell-like (1/7; 14.3%). Plexiform pattern was not reported in female cases ( Table 2) .
The causative mutation leading to ameloblastoma is the activation of FGFR2, BRAF, and RAS that can lead to the dysregulation of the MAPK signaling as a pivotal step in the pathogenesis of the tumor. 37 It seems that different mutations are involved in maxillary and mandibular ameloblastoma, and this may partially explain the higher aggressive behavior of the maxillary type. McClary et al. in their review, proposed that specifically smoothened (SMO) and RAS were the most prevalent mutated genes in maxillary ameloblastoma, while, BRAF was the most one in the mandibular counterpart. 5 
Differential diagnosis
Differential diagnosis of orbital ameloblastoma includes reactive, benign, and malignant lesions including osteomyelitis, cystic fibrous dysplasia, giant cell tumor, ossifying fibroma, multiple myeloma, and sarcomas. Generally, clinical, gross, microscopic, and immunohistochemistry features provide sufficient clues in the discrimination of ameloblastoma from other lesions. 38 
Imaging
Ameloblastomas originated within bone are mostly diagnosed incidentally in pan-tomography imaging or plain films. The routine radiographic picture is the 'soap bubble' appearance. 39 Plain X-ray imaging has limited sensitivity and specificity to evaluate tumor invasion. CT can be useful in detecting bone extensions, and MRI provides better resolution in detecting soft tissue extensions and tumor margins, particularly in maxillary ameloblastoma. 40 Particularly, in diagnosing the desmoplastic type, the MRI plays a pivotal role due to poor defined soft tissue extensions in addition to the similarity to fibro-osseous lesions. 41 
Treatment
In treating ameloblastoma, the mainstay is radical surgery including en-bloc resection. 5 Concerning the management of mandibular ameloblastoma, some authors maintain that partial resection or curettage is enough while many recommend radical excision. This inconsistency comes from easier followup and lower invasion risk of mandibular type to vital structures. 2, 5 In the maxillary type, morphology, histopathology, and extension of the tumor are crucial indecision-making. The recommended safe margin for unicystic ameloblastoma, multicystic ameloblastoma, and ameloblastic carcinoma is proposed to be 1e1.5, 1.5e2, and 2e3 cm, respectively. 1, 40 Regarding the management of maxillary ameloblastoma involving the orbit, the following strategies can be used alone or in combination with each other 42 : Recurrence after partial resection of the maxillary ameloblastoma results in a tumor with more aggressive behavior with higher mortality rates (33e60%). 1, 2 To reduce the recurrence rate, it is wise to perform the MRI and CT for more investigation of tumor extension, preoperatively. 5 In our case, the aforementioned strategies could not be followed based on the patient's choice. This deprived him from an optimal treatment.
Radiotherapy when employed as the first line treatment has a recurrence rate as high as 70%. 2 Even more, there is a study in which all the patients were reported to experience recurrence following the sole radiation therapy. 35 Hence, radiotherapy alone is not wise in the management of ameloblastoma. However, radiotherapy has been shown to be effective in decreasing the tumor size and pain palliation. Hence, radiotherapy can still be placed in our therapeutic arsenal for cases with recurrence, unresectable tumors, and patients who are unable to undergo surgery for any reason. 5, 13, 35 Possibly, in our case, radiotherapy after orbitotomy could be valuable in controlling or at least delaying the recurrence; however, the patient did not choose it.
The role of chemotherapy in the management of ameloblastoma is an issue of debate. Some authors suggest that ameloblastoma may be sensitive to platinum-based agents. Some 20, 43, 44 report promising results by this modality for advanced cases while others 5, 12, 23 maintain that this method is not effective in reducing tumor size or even palliation. In the literature, there are sparse instances of molecular-targeted therapy that should be further examined in future studies. Kaye et al. 45 reported a patient with multiple recurrent ameloblastoma in the mandible and metastatic ameloblastoma in the lung who harbored a BRAF V600E mutation. The patient was treated with a combination of dabrafenib (BRAF inhibitor) and trametinib (MEK inhibitor) and achieved a dramatic response after 8 weeks of therapy. Additionally, in another study, reducing the tumor size using vismodegib (SMO inhibitor) was reported. 46 
Prognosis
Generally, prognosis of maxillary ameloblastoma is worse than the mandibular type due to its more recurrence rate, invasion to vital structures, and more advanced stages at the time of diagnosis due to lack of pain or other harbinger symptoms. 23, 47 As mentioned earlier, orbital ameloblastoma has an additional tendency to be transformed into the carcinomatous variant. Hence, the prognosis of orbital ameloblastomas in line with tumors involving skull base seems to be the worst. 16, 31, 36, 37, 45 In our review, survival among all cases was 13.47 ± 12.81 years and among different patterns of tumor varied. Among the cases with more than five years of survival (five cases died before 5 years), survival was 16.4 ± 15.1 years in follicular and 18.1 ± 9.9 years in plexiform types, respectively.
We concluded that maxillary ameloblastoma is a locally aggressive neoplasm so that physicians must be alert to the biologic behavior of this tumor to detect any invasion to critical structures such as orbit and cranium. We advocate meticulous patient follow-up with regular clinical examinations and paraclinical work-up (especially MRI) for timely detection of any invasion or recurrence of this tumor. The best must be done to avoid extensions by aggressive removal of maxillary ameloblastoma.
Orbital ameloblastoma causes significant morbidity and mortality. In extensive and longstanding tumors, a multidisciplinary approach is required that may span several specialties i.e. neurosurgery, head and neck surgery/ otolaryngology, maxillofacial surgery, ophthalmology, and radiotherapy. This joint effort may take several years to handle the condition to the extent that a recurrence may be detected as late as three decades since the initial diagnosis.
